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assenbly sonstructed at lowa Late Collese has been utilized 
for several theses investicatione by praduete students. A 
large number of the operating characteristica have been ine 
vesticated, but a review of the theses disclosed that a do- 
termination of the actual neutron flux throughout the assembly 
had not been undertaken. 

The purporoó of this thesis was bo obtain the fast and 
thersal neutron fluses thprousbhout the asse-bly with the fuel 
removed. In addition, the thermal neutron source which was 
equivelent to the existing fast source was to be calculated. 

11S asse biy, with the fuel removed, censisted of a 
rectangular parallelpiped of graphite moderator with in ex- 
ternal fast neutron source, This moderatins syete~ ts essen- 
tially a "sigma pile" with heles Interspersed at regular 


intervals. 





evelopment of the theoretical Dereal and fast reutren 


flux dietnibution ín s syster ocongiet!nkg of a prenxite rodera- 


tor enc a fast neutron scurce was presented in Tlasstrne and 
badlund (5). The theory inderiying the treatment of fast nene 
trons as a sincle group vas developed "v "ucbes (12). 

rae various reasarch techniques that seve been “developed 
for measuring fast and thermal fluxeg were ¿lscusged at length 
by Bughes (12). The procedures 964 to resenre flus, and 
calibrate the subcritical aasevbilas ard voderatcre at the 
Argonne National Lehoratory were covered in fetall va 9 


(11). 
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The induced beta activity of indium foils has heen used 


frequently to @valnete neutron fluxes, A commonly used method 
of obtaining neutron fluxes aspssred to be the use of a cams 
bination of indium foí1s a3 a calibrated counter. The prep- 
aration of a standard source and the utilization of the source 
to calibrate the ecunter was presented by Sleuler and Gold- 
smith (2). 

Considerable insight inte the field of activation aeli- 
bration was obtained from the reports of the ‘towle Energy 
Comniseion laboretories whioh have published the results of 
their research. In 1951 the procedures used and the results 


obtained from the calibration of the Hanford Standard Tile 





were released by the dbomic nergy Commission (li, Indium 
fails were uged fer flux measurements and for caltbrating the 
counters, The sdscluté rautren Myres wire measured in the 
Sanford ‘tanderd Pile in 190, (7). “Nese measurements vere 
obtained by activaticn tedinicues timing acid and inilum folís, 
The 4*10 stanvieard graphite pile ~f the Car Didge National 
Laboratory wes calibrated in 1952 (iL), "me flux nsasurerents 
were obteined by Solid foil astivation, 

In a series of three reporte rolsased between 1955 and 
1957, te nruclesr enginserinp feparteant of Jlorth ‘wericer 
Aviation described the methods usec in their Llaboratery to 
determine absclute thë P rual neutron flux. "hs fi rat report 
presented the methods used to determine the ratic of thermal 
to resonance neutron densí ties sing Indium feils (8), Their 
second report described tbe procedure used Tor absolute beta 
eounting (15). The Mnel report of the series explained tbe 
téc*tnicue of obtaining abeolute Denel neutron fluxes usin 
activated indium folls (10). 

information regarding the physical and operating proper- 
ties of the graphite moderator described herein was obtatned 
from the research of previous graduate students at lowa ۵ 
vollece whe cenducted varicus experimenta cn the sebscritical 


assewbly. 
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general 
Gonsidéer à rectangular parallelcingd of moderator 
material with a rluatenium - borvliilium source «at ane end. “he 
Source is a point scuree cf fast nfutrers. V"owevir, after 
the neutrons have passed torah a ghort Cfateree in the 
moderator # large portion of tne feat neutroos will he 


thermaligen. These thermal neutrons are essentinliy 


mongererzetic, so it is possible to postulate a distributed 
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plane souree of scnoenerpetic neutrons at the base of ti 


m 


parallelpinped, = = 0. 
feterrinitior af flux distribution in this moderator 
is effected by solving the wave equation for positive values 
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where yê is the Laplacian operator, ® is the thermal neutron 

flux, and X is the reciprocal of the diffusion length. 
Boundary conditions necessa; Lo aolive this scuation ares 
(a) The flux is everywhere finite and non negative, 


(b) The x and y dimensions of the bleek are a and b 
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Appiyins boundary conditiens (a) and (bh), the following solu» 


tion is ot tained for lg. 2 (2, p. 12k): 
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The quantity Y, is defined as 
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The guantity Amps À cemtination of all the constants obtained 


in the development cf Iq. 3, must be evaluated with the source 


condition, 
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Tha source condition te be aatisfied, ScundaPy condition 
(c), Ze that the number of reuters flowin oat of the plano 
x = 0 per unit srea per feed for thé on mode must equal tha 
number proguced by the amres In thet "ode. To antisty 


veundery condition (ej the net current density, das 13 


evaluated as follown (2, pe 121): 
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A source of tnis type mar be written as 5 5(x,y) at 2 = 0, 
where S(x,y) 1s We Drac delta function, Orem the defini- 
tion of the Dirac felta function, the Jejus cf the seuree, 
وڈ‎ at the orisin, x = y 3 2 = Jay Is 
$ oo 
Fev io 5 (4) 8 (x) u 6 
= 00 
Bc. 6 is exsamlei in a series of certhbononal funetions which 
satiafy the boundary conditions (6, pe 122). Lc. & becomes 
co oo d u I 
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Sinee 9" in Lo. 7 and 85 rerraserts the neutrona emitted in the 
+2 and -£ directions, the eculvalent scurce for the voderotemr 


in tbe ^£ direction ia 
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constant D is the soederator tffseiom eseffietemt for 8 


it hes the 


e 3, new 


Qs 


Limit 


modes, and 


DO = 


28 
a E T 


2 


abi 


dimensions of leucth, 


و نم هر 


2 à e coos BLE cos یه‎ . 
pad pl Kran a 


۰۱ھ ) ہے کا o‏ 


leo “ à. Dre Ai 


tve expansion of "gs 11 to the fisst ant third 


794 311 becomes 


g E TTL. 


"oz uw 
Vs, ۳ 0 a 





248 
Ti 13 & 


" 
cos ای‎ 208 


+ 








T 
vo 


CT b 
1 of 
D TE 
(sts Baie "". Me 12 


e 
The hkdrsa included in tue Uracea in o, 12 malte up the har 
wenle correction tem, Ce "he terme included in *he brackets 
make up the eng correction Hiasi Cos “ith eee substitutions 


et}. 12 can te written as 
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The thermal neutron flux due to the first mode only, Dios 
is obtained as follows: 
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Consider a particular element wrich forms a ratielsotope‏ 
when it ebeorbe a neutron, he mount of thie racicisctops‏ 
formed can ^e dotersined Yr measuring "ts radicactivity. If‏ 
shin foil ef this element ía exposed tc a neutpon flux for‏ 
$uffiolent time to become saturated with radiation, "he‏ 


measured activity of this fetl is ite saturation getivity, Aae 
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if the foil ia Shin, the neutron density ray le Fegerieg 

as constant tuveusceat *he foil beososo tde fnil res mat 
depress the neutron flux agienlPicentiy. If the چب‎ pg: vU, 
ani tne magrescepia activation cross section, Za, of th Toir 


ave known, the flux can be determined as follows (^, p, 973): 


o T = e Mes 15 
Since ig varies with the energy of neutrons, as 15 applies 
only to meoneenernetic neutrons, Thermal neutrons gne cone 
sidered —^concoenercetíic, 20 So 1% can Fe ined to caleulete 


thermal neutron luxe 


fast "tux 


220 Pf. 

canelder a rectergilar porélielvíne2 of moderator 
material with & plutoniume^ervlliun goures et one end. The 
source is considered a point soupos witbà a known Energy 
epectram, The moderator conaiísts of a material whtes has & 
low abacrrtiom cross section as well as 2 hich slowtes deen 
power, 

hagume the absorption of neutrons in the so@erater is 
neglígitis, then the diatribution in energy e? the neutrons 
while slowing down can be obtained as follows (12, ۲ 20)! 


Assume Q Gewutrens are produced prep unig volumne in the "ode 











1 g 
MB 





DI 


Lit 


erater. Jc slowing down Geneity, qa (2), waleb te ADO mmber 


اد 
3 


of neutrons pressine à hiten Anope? per orit tims pew mit 


wait M. 
Ss d 
«Beni vos Ge 16 


where n (T) isp the Gengity of neutronas ser unit ensrıy, 4) Ze 
tae tner” losg per collísion, v la the voloci^tr of the non= 
tron at the particular enerev, Y le the neutrons per unit vol 
wae within the energy interval, and og ls te scattering erone 
section of the madsrabor, 15:51 و ۳ 6یج‎ bes loas In In. 5 
per colitalen, and Ab in io. 14 is equal te | E. Jubetisote 
و هط‎ the neutron flux, for p v ani the neutron flux cer uit 
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Therefore, the flux in the slowing down region is proportional 


to 42/2 
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“ne basico theory presented for tie measure-ent of twi 
neutron flux oy aetívation rolós true for the measurement of 
fast neutron flux. Yowever, O., 1° wuet be modifie" te allew 
fer the variation in activation cress section with enerrys 
The saturated activity, 4, tan bs written in the fora (#, 
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wbere 24 (.) is the macroscopic activation cross section of 


the fall for neutrons of energy iL, and Dit) ts the neutron 
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flex per unit exergy interval at thig escrsr. ines the 
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eroscopic scattering cross section of the moderator which 
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b. 25 emn be rewritten in teres o? tha sicreescopie activation 
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where Y la the number of neutrons per unit volume within tne 
energy interval, Te obtain tie fast neutron flux, the activity 
must be measured over the enerey interval fron Dell av. to tm 
maximum energy of the seuree, “he fast neutron flux ‘à Te- 
lated to neutrons with energins above Dei eves wheres, the 
thermal neutron flux ise related to neutrons below Del ev. 


(13, pe 66). The constant, dé ¿go con be evaluated fram 
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The eSderater utilises for trís experimontel work was 
bis love stable Colleges soboritioal assevhirs with fuel removed 
shown in jicure l, It eansisiad of rectarntulesr bliewss of 
grapoite welehn had a apeciólo wirht el 97.3 crowds per eubte 
foot ateered 10 rows wide wrt 2 leyera hiche Lac: block wan 
GO inehee long. The firet nine Levers of blooks were C fine 
wide and 6 in. “igh; the top five layers were G in, wide and 
B in. high. “he graphite blocks were cut from Y in. tianmeter 
oylindrical rods so that the reunded cornera provided holes 
in the moderator into which Tugi rode or measuring arporatus 
eculdi bg inserted. The overall dimensions of the moderator 
were Gi in. by 63.25 in. by 79 Ze, 

The woleratopr was positions!) on & wooden frames whitch 
Tested op a Gobnorete floor. The ¿12 inehes between the cone 
crete floor and the base of the moderating material perrita 
three open topped alwuweinum tanire jo bo Inserted under the 
plyweed uson which the soderetin: material reetet, These 
kanks covered the base area of the moderator, end vere kept 
full of water, A gmail eovperterert was ecmatructed in the 
eenten c^ the middie tank to house the source. 


ihe moderator was covered on the top end sides with e 
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sandwich somstruction ecreélstiíng ef masonite, plywood, an 
2 2.0012 inch cadmium sboct. “Te latter presented em effective 
"black VSIA" to the neutrons, 

five separate piluteniísas-e Dylillum cgpseules, enecase?c in 
santalınz und stainiess stool cylinters, provided the wetron 
eoumee. “rease cylinders were 3 im. in @immeter and 1.775 im 
high, Bec” source hed an sverte pated ctreneth ef 1,63 x 
196 منوج‎ per second, "se souro$8 wert counted uprioht in 
a Wooden Crame with the top of she erlinder 1/16 tn. bensath 
the base of tie Moderator, "Ss Geurees were positioned te 
fom o trveiform oriented sicap the x ant y ames of the 


noderetor og shown in Figure 2. 


activation "olla 


indium fells were uneg to meamire 55e neutron flux 
through foil activation, The foils were 0,003 ins wy 14D fh. 
by 1.5 tn. and each was weighed to thm nearest del nge Bach 
foil weissed approxtrately 9.5% arena., The foils vers clued 
to aluminum planchets, whieh were taped to wooden yerd etioles, 
whieh could be Inserted into any of the holes throucheut the 
moderator. The eainium used te shield the indium Toiles from 
thermal neutron flux formed a package with om effective 


cadmium thicknesae of 0.920 in. 
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Figure 2. Graphite moderator 
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Counting ا‎ 11090 


تھے 


All indium Toll activitics were oousted with e Pieler 
Chicago end window "Ceietre ulleop tubo, The end wimion us 
ه5169‎ with a thickness ol leal mo. por en“, A *ueleap “hiecago 
decade sealer vas vgod In cerianetion with the counter. The 
aotiveied fells were cleea? 7.271 inonmea from the end window 
of the counter, Phe Toilas ware Treiltimei om an sluminum 


trey in a lead shield for ccuntinge 





activation of lim Felig 


“a Geterzine tos neutron Tiux distribution th^roumieut 
tha moderator LE was néogagar Lo measure the setivity of 
radiate û indium foils per'oJicoelly throughout Just | of 
She woderetor. Jinde there wiu cymmetre in the + and e 
álrections along Seth the x on? y axes (1, p. lD), measure- 
ments fron the origin alone ‘he x AXÍB, the ey axis, und 
the +ë akts, as shown in Mouse 2, were adequate for coverace 
throughout tas moderator. ciis were activated at x = 9, 13, 
amd 25 ines ¥ = 9, -6, 12, «10, < end -30 in. on a sinele 
piane c? the z gzis on sach excerimental run,  "hirbeen gure 
vers were cades vitu bars índ'um foils et g e 6, 19, 17, 3, 
39, 36, h2, h?, Ch, 59, Gh, 60, and Th in. Maht ruro wore 
nede with cadmium covered indium folle et ۵ = 6, 12, 2, 2h, 
30, 36, h2, and LL in. The catmfum covered survera were 41 ¢- 
continued after elrht runs because tho activity at tve upper 
Levels could not ve Ghatirextahed fren the batkeround. 

The indium folle were irradiated for a minimum of sicht 
hours. Tale Ingurea un activity of 99, per cent saturation 
setivity cf the 5h minute half life, indium beta particle. 
The saturation activity represented the equilfbrium condition 


in whieh the disintegration rate equaled the formation of 





ge 
2 


radioactive nuclej. 

Measuped notivitles of cach Zeil were cerrected far 
backercund. Tuis aetivity was correctel to smturated eetivity 
at the timesof removal fran the roderater, and was then die 
vides by tho welcht in grama of the particular foit to obtaln 
a normalised saturation activity, my, (11, p. 70-77), where m, 


equaled counts per minute cer cram of foil. 


Bteminstion of Actwal Caturation Activity 


To détermine the niutren Plunea, it wae neneszam to 
convert the corisiised saturation nolivity, ru, to the aatual 
saturation activity, AQ. “bilse seas seconplished "y calibrate 
ing the counter with a standard saeple. The preparation of 
the standard santig, and the vreihnds usel to enlibrate the 
counter were delinested in tependix A, "he total correction 
factor, fe, for eli the inõium Tolls waa determined in be 
و۵۰02‎ 
LA, Ge 27 


Hee 





Thtepsal چا‎ Četemivation 


The actual saturation activity, Aw, is the disintegra- 
tion rate of the saturated Indien foils., It ia related to 


the thermsi neutron flux, > , ag shown in Co, 1% 





^ e p? 
where 
A œ 5 saturation activity, eps. 
y 3 E 
j| — *wolumo of fefl, me 
4 * ngonroscopic activation cress section, ex, 7t. 


2 
o u tengal neutron flux, reutropa/on.^ rec. 


Then LG. JE wan rearrance وق‎ 
e 





t T 4 1 
my = COVE D fr لہ‎ 4 
Le 
were 
> Vus 
h  »romalired weicht of foil, 1 orm, 
Le œ noypeetion factor, 
Ys T e eg ۱ مد‎ res £ (18 E mes /* ۰ 
5a Avgendroece MARME, EOU f Gon / Uma 
&tomic weight, 
A ma gtomie weicht of inim, 115 وچ‎ &tovie 
weight, 
Y 115 ما و وی میب 215 میم‎ 4 
a. = fraction by velght of In” in Ing O.9T77, and 
E PE ¢ vr e 34 A #2 zeg 5 LAXE qe Stan, 3 
Fact . E iu + MET OF! 0 OF & ung déi wés A O 4.13 v x 7 ار‎ a 
i هه‎ 
neutrons, 5255 (19) ^" ous? 
- $ ei y 115 TE T ۹ y A 
The activation cross section of In ۰۵ was decareines Tram th 


data acmpilsd at the Brookhaven Fattenal lakeratery (13). 
She actiretion cross section war Cetemmined for the EL 
minute nait life O particle, The effect of the 13 eocond 


| D miruten 
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half life œ particle was ¢lininetec by waltin 
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befere counting the activated Tolls. owever, some mn 
raciation O14 aeconpany the Oo decry (7, pe LS). To metere 
"ine the setoal wount of creme ralietion omeszent, en absorne 
tion curve sas obtained usim stveral thícineases oi 
absorbers, and thé curve was plotted in Pigure 3, "Le cama 
activity was extrapolated bach to zero absorber to met the 
fraction of the total smeasgured activity which was dee to 
mama radiation, The sama correction factor, fes VAS deter 
nined to be 39/h0 sinoe l/hO of ins total activity was due to 


pausa aetíivitr. be. P^ wes then expressed as 


de yA (Im) (fe) Za. B9 
69 (fe) (Gante? Ul) (Int DS) 


ii or HR Ls 
(63) (20.005) (11500) (12)*98 (6.023) (19) 
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(9.95 "EET 


D BE 
tm E66 2. 


The values of tre thermal neutron flux, o , throushonst the 
moderator are tarulates în Table i. 
Fast "iux Determination 


The effective fast neutron flux, $ وم‎ WRS determined 
from 598. 22, 
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beta and 
gamma activity 


0.10 


A/A (NORMALIZED ACTIVITY) 


0.03 
0 gamma activity 


0.02 - 


| 2 5 4 a 
ABSORBER THICKNESS (GM/CM^) 


Figure 3. Determination of gamma activity 
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The @nergy spectme of tue olutonfunm-berviilium source extended 


A 


froe toro Bea 25,5 Mev. 


wen 


£6, he orwh^ol I rerresented the 
number ci intervals of Lay. s extendin« over the source Srog- 
trum where inf, equaled 19, "be energy intervals are tabe 


ulated on Table 2, where i wee deterred to be 7.26, 


Teble 2. Marg? intorvale 




















fader of intervals Bnéergy iimits, ev, 
3.92 Gel: to 4 
1.3 lá to WEE 
1.20 ht303* te. 2 
1.20 ho)? to (10) 
Li h(10)9 to Alam)" 
۱ i E 
1.22 Loan to 7 
1.02 $(13)5 se )بز‎ 
2.26 Lab گروں یہو وه‎ 
7.26 Total del; مه‎ 5 





teten en o HEAD Se 

















The quantits, af ع‎ igo was evaluated from (te 26, 


RUN Sat 0) E» ۲۹۰ 26 


where 
à P saturation activity, piep 


N sw ators of لو‎ per en. of foil, and 





od 


Ye volume or foil, eu 
The Integral in oc. 26 15 the rrewmanee activetton eroee 
section inésgrai Tor indio, ás integral vase ovaivated from 
the cadoium cut of f et Del ev. tro Infinity. The value of tbe 


pem 
* 


i Ae. d | 4 
interral was deteruined tc te 73) (19) en. (12. p. 22°). 


Mis 26 wee then rearranced, so that 


x) 
4 ‘ Cd "A EY 7 y § 
m | Ra Y 255 Q2)70h 


($7 £^ eg v A 
Where moe, f; fe, EQ, ^ aod V were Seteteino previously to 
evaluat Ca c. Kun trees ealuer were gBubstitoted ?nto 


Ge Wy Gf € £g wa évaluatec as follows: 


tC UG x. Inm A 
as 


(6.023) (15 





The value of od E ^n was then substituted Into Tu. € to 
obtain, 
: "Ae e 
o 6 | | 
€ e (7.26) (2.3) SX L9. 3£ 


€ O,U63 (m,) fast me Etape den, E $0666 
The valves of the fast neutron flux, , throogheut the 
moderator are tebulated in Teble 3. 





5 > 
0 a. 
8 ae >, 
سے‎ m E amm t ے‎ a 
.و‎ - e $ p" ym. © 
۱ = 


-- 
T. 
Ly 





| pa | 
E تا‎ 


سروی ہصددت بت ۳ mem‏ - 





۳ مب 
2 


wë "P 








+R WR. Dn A AE‏ خی LAN ter Mag eg‏ ی OSI AE MD IE ORSON LOLS FET IP Ltn OAD LE ETI EENG ` "rift‏ یہ یں 


á 


En pi UO 
CS ANY سو‎ 
pri 
Era ليه‎ E 
gai qué 
2 mM 
CH ` wé e 
C 
> Ess 
eR 
“y o ۷ 
m 
w > Oo 3 
we E CH 
ka M ox 
wéi > O 
مسج‎ pi 
pe 
يك | کیو‎ 


£j 
اس‎ 
دع‎ 
e 
6 
e 
ei 
لبي‎ 8€ 
di 
E 
avy 
E 
B 2 
£3 
Vi 
C 
rt 
end 
v 
C 
ni 
gr 
ex 
4 
i 
ás 
e 





D D ` ` AAL fe 


e2 
de 
AT 


e 
سم‎ 
8 
A 


wh 
sed 
£^ 
ed 
CS D 
En © 
E 
e 


gt 


E i wo ۴ y مہ‎ À 
TE tb 1 @ u Ap ST zer M 26e XC LL Og sm ET 
wir ar ہج‎ ," 7 OM ^X or + ^ , à 2D 
át £t & u a ze 0 we te 06 oe Je EX Co 9 





ANA E BG a pr à ee PAR 2 OEE. 


G & ot D Ce CE 6 CE Ot 





ABAD DO UA gét: TR? سا‎ DE AE CREME RIS + هم‎ EN COR 2 i 


(“es y 











-موموچس موا 0 اميه وباس A‏ 





o € GT G ‘ur ۶ 


=—_ a ll MU, YA 


SN RRS, TPL re PSE 








OTL‏ ۰۶ مهوت اد او هر ناه 


NES 6666 
a LL 


03 
8 


5 
"H KRASS | 
هھ 9پ‎ ws Lé 





33 


RISUL a 4830 86 


Tha لآ‎ eut “lux 


$ 
‘he GOxoorimentallv ¿etermined values of tus Lrernmal 
E Sé 


neutron flux listed in Table i were plotted vergus scattian 
alone gach of the three ames tre show the distribution of flux 
throughout the moderator. Tw distribution of the Plum siens 
cash of the axes was plotted in Figures  thawach 12 

Figures à through 9 showed s trend toward a cosine dip» 
tributiíion of thernal flux alona the x and F ames. As $ ine 
creased the distribution appreached the theoretical cosine 
distribution, This was due to the fast naeutpons (rar the 
source not being slowed down ‘nto the thermal rerion for 
MALL values ol Z. The majority of fest neurone were ther 
melised before reaching the s s 15 in, level; egsentínslly all 


Ki 
- 


the neutrons wore thermmalíred at the g a L? fn. level, 
Figures 10, 11, enl 12 showed a trend teverd an 
exponential Oeoreanse in flux along the e akie., If the source 
had been an infinite untform plane of t£hetrwual neutrons, and 
&f the moderator had been infinite, the slope oT these curves 
would have been a straichS line. owever, the fast neutrons 
present at lew levels of e dus te the fast source, end the 
leakage and deviation of the flux at the finite bountemies 


@aused the flux te be decreased Tror the theoretical value. 
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Figure l. Thermal neutron flux (x = 0 inches) 
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Figure 5. Thermal neutron flux (x = 0 inches) 
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Figure 6. Thermal neutron flux (x = 10 inches) 
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Figure 8. Thermal neutron flux (y = O inches) 
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Figure 9, Thermal neutron flux (y = O inches) 


1 
= | و وا ہد 


*i ۱ | ۳ | 
t4 21 PI 


LIS Hecht sein are 


ihe 


a 





hO 


6000 
4000 O, y * O in. 
0, y = -12 in. 
% A,y=-24 in. 
0 
2000 
OOO 
OU) 
لہ‎ 
P 
O 
T 500 ^ 
c 
O 
LE 
م‎ 
= 
UJ 
Z 
e 2-0 
A 
IVO 
50 
0 
So 
0 i2 24 36 48 59 69 79 
z (INCHES) 


Figure 10. Thermal neutron flux (x = O inches) 
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Figure 11. Thermal neutron flux (x = 10 inches) 
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Figure 12, Thermal neutron flux (x = 20 inches) 
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It wae noted that In the center of the vederator, away fran 
al bouniarics, the slope war a straivht line. 

"n ofer to mare a direct compariran with the trecretical 
thermal nc gon flux developed In oo. 14 an emivalent thermal 
source was calevlated from the experimental data. 75e equiv- 
alent thermal neutron scuroo la the constant Z in Mas Mi. Th 
represents the munber of the mal neutrena exnitted ser second 
from a point sources at 5e origin ACE would vive the thermal 


flux distribution obtained experieentally, From ic. 1h, 


Cabo, themed neutrons. 


Toe negnítude cf tie source depended on the evaluation of the 
constar ta in ic. 33. ‘lose conetents are related to the 
geometry, and the material of which the moderator in ocn- 
structed. The methods used, and the values obtained for these 
constants afe presente? in Appendix BR, The value و‎ of the tone 


atants are listed in Table 5, aod from Ge 33, 


5 = 26 SOSA neutras. Fg. ^t 


second 2 


Ege IL was then evaluated to detemine the caleclated 


thermal flux distribution of the primary mode. 


Ch e Cas و اه‎ 5 a . 3€ 
Ze S0 ۱ e EG, 
11 = (7893) © - ur m er y 


The veluea cf $.. were caleulated for various values of X, y, 


ana z to show the eietribution of thermal flux. Me results 
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of these celeulationa are tatuleated in Table be 
The ب‎ 8 thema neutron Plus values listed in 
OO 
Table 1 are 2 = To. which inciuteld the effects of ham 
mes, ne] 
monics and ena corrections. he harmonie and end correction 
factors were calculated and tabuisted in Table kh. The 


oo oo 
ED flux was divided by the correapendine harmonic ond 


mil nr m 

enc correction factors to obtain experterntal values of Ds te 
compare with the ealeulated valueq, The results of these cal 
eulstiens are listed tr Table مہا‎ “re cale tated ard ewreuri- 
mental values of $i were compared im "ignes 13, ll and 15, 
Tiguaves 13 and 1h showed the distribution of flux aleme the x 


exis with y @ 0, and z * 56 ín., and alene the y axis with 


x = O and z * 26 in. FPigure 15 compared toe Glatribution of 
flux along the g axis with xeys 9. The oxperimentsily 
determined flux cempared favorably with the calculated flux 
&leng the x and y axes. In the center of the moderator the 
eorpariacn was peod along the s ames. “owever, rear the 
source the ocupapsison was poore This was me to the effects 
; the faet neutron source., My the tire the fast neutrons 
hed reached 8 = 15 fn., the mafority of them were slowed down 
to themal eneret., The deviation of experimental flux from 
the calculated, at large values of g, was due primarily to 
the @tatistica of counting. The sctivitv at values of £ 
greater than 59 Inches was so small that 1t was not 0 


to obtain an eceurate me agurerent 
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Calculated and experimental thermal neutron 
flux (y = 0, z = 36 inches) 
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Figure lh. Calculated and experimental thermal neutron 
flux (x = 0, z = 36 inches) 
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Figure 15. Calculated and experimental thermal neutron flux 
(x = 0, y = O inches) 





Lg 
rast Neutron "lux 


The oxperimentally determined values of toe fast neutron 
flux listed in Table 3 vere lotte? versus position alorre each 
of the three axes to show the iatrimtion of flux Uinooíheut 
the and The ¿istributíios of the fox alone each of tbe 
axes wan plotted in Vieures 16 tira 21, 

Figures lé trouh 19 showed a trend toward a cosine 
squared distribution of the fast flux along the x anc ¥ axes. 
fithouch the magnitude of “Lux deersased as £ increased, e 
to the slowing Sewn of the neutrons, the distribution remained 
the same. Ab Bp € ho $n,, or the equivalent of 45 in. from the 
point source, casertially all the fast neutrons from the 
source were theruslized, 

Figures M end ZI showed an exponential decrease in the 
flux along the a axia., The slope of ths evrvea 1° in, away 
from the scurece, and the physical boundaries of the nuierater 
was constant. The relaxation lencth, the distares requ red 

graphite to decrease the intensity ef the flux by a factor 
of 6, was calcclatod from Figure 29 usine the île tri tn Ci om 
along the z axis where z = y = 0, The equation of the 
Straight line was developed in xq. 12. 
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Figure 17. Fast neutron flux (x = 10 inches) 
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Figure 18. 
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Fast neutron flux (y = O inches) 
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Fast neutron flux (y = -12 inches) 
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Figure 20. Fast neutron flux (x = O inches) 





55 


400 
200 ^ 
iu 100 
U) 
ON 
= 
=< 
م‎ 50 
O 
X 
سا‎ 
=) 
Lu 
e 
a 20 
| O 
5 





0 6 2 18 24 30 36 42 48 
z (INCHES) 


Figure 21. Fast neutron flux (x = 10 inches) 





10 = er 302) Ka. 5) 
iquetione 37 and SZ were solved simultaneously to obtain a 
value of 00120 in.7* for ©. THe relaxation length, the 
reciprocal o£ Y , was Geterntned to be 2.33 in. For the 
thermal neutron flux the milico of و ودک‎ cetermmined tn Anpendix 
B, was 0.025 in. t; the releration length for the thermal 
neutrons was 11.70 in, The relagation length of thersel neve 
trone was Il oepoert greater ther the relaxation length ef 


the fast neutrons. 


^ccupaecy of Pesulte 


The metheds used and the results obtained Prom the do- 
termination of the standard deviation in the flux mereurenente 
are presented in Appendix 7, “he standard deviation of the 
flux values were determined fro: "a. Tle The standard devie- 
Sion of the component was divided by the component ts obtain 
the coefficient of variation, Ge. The Cy in the calibration 
procedure was caloulateàd to bo 11.1 percent, The C. of the 
measured activity, Mys of the indiws foils varied from 9.1 
percent near the source to 7.2 pereent mwar the baindartes of 
the moderator, The Gy in the calibretion precedure was 
constent for all flux measuresentsa, but the Cy in the measured 
activity increased with ¢iatance fram the source. Therefore, 


the Cy in flux measurements varied from 11,2 percent close to 
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the so irce to 197.3 zersert near the boundaries ef te rolera- 


1 1 e 4 ha 4 ۲ A 5 ۲ t 2 
tor, In the vicinity of the center of the no rater tio “y 


The veréical bars supepineaed unon the experimented 

points which kavo beor oregerte? :cecbigaliy in thia thesis 
repreacsnt tve abecdard Gerletieon ef the “enerted setivi ty. 
kene bers Rare net been show, te cevietien *a less than 


tie site o?) the eyzbol. 





ry Av pew er E we ود‎ Ļ. 
LE ss Y dg i LOm 


Thereal end fart meutten fluréa tna CPenhite ce6pbgton 
with a Yast, geternel, neutron ecurce جاه‎ Fe measured by 
utilising a eetiination of activated indium folie are a 
ca ibratel counter, 

Tho tUmpael flux distribution in tnie rraphite roderater 
agreed yorw well with the the SPY.  oosine is tribution 
about the x and y axes an? an exnonential variation along the 
2 arkis vas cbtained. "his was atriotly true only for flux 
200:8 2176716186 tsken more fhan INT inahes feo the CORTO, and 
away fron the physical toumaries of the woderetor, “he 


strength of the equivalent thermal acuree was 7,992(15)6 





Per sesend. The relaxation length in graphite vas 
11.76 inehts. 

The fast neutron flue varied in en arproxirete cosine 
Squared distrivution sheut the x an y axes, and exponentially 
one the £ axis. Within 10 inches of the source the varias 
tion along the g axis was not exponential. seentíally all 
fast neutrons were thermaliesed after pasaine throuch hf £nehea 
of tbe soderating material, ‘he relaxation length of the 
fast neutrons in graphite was 7.33 inches, 

The coefficient ef variation $n the Jetersipation of the 


neutron flues verlies fros 11.2 percent chose to the seurce 
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iurtier investirallos into to fast reutrem flux fiatri- 
bution coul@ee carrfed out by obtaíaine the enerer 0e chrum 
of the neutrons Thramhaut the mode retor, The enerpy encotrum 
of the source la known, om? the change In the spectrum cee to 
the slewing down cf neutrms seul he obtained by activation 
techniques, This could be necoepilisheG by taking & esriss of 
measurements with a variety of Collis with 44?ferert resonarce 
peaks. Tm ener; spectrum mipht alee be cht@ined with a 
apectrorster., 

if So variation ef te energy enectram throusheut the 
moderator were knew, s sere accurate fast neutron Tux 
Aiet bution could be obtained. Since the »1oroscopio eros& 
section varias with tbe energy of the meutrir, the enemy 
eneetrum would provide the mears of chtaining an accurate 


Yalve cf te cross section. 
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“peparation of “tandara 


% 
To detemine the neutron Tux It was necessary te obtain 


a conparizon between the actual disintegration rate, and th 
measured activity of the Indium This wes nesonplished by 
ealibretin; the counter with a standerd ample. 

Te Louis thallium used an a Star dard was prepara? by 
Miro of Standards, washington, De C. in April 1963. “halli- 
um was utilises es as atenderd because ite © activity is 
Similer te thet cf indium. ‘he sverase anergy of the indium 
Q 46 0.9 Mev.; the averace enercy of the thallium 0 Ze 0.76) 
Merve Thaliiw contains ne other ec nteminating radiation 
pasticles. Zhe QC has a half life of 4.0 venra; so ít was 
Conaiderec an ideal standard. 

in aluminus planonet 1,75 In. br 1.2% in. by 2,22 im 
Was weed te mount the standard, The same size rlanahet was 
used fer mounting the indium folls, se backrreund and back 
geattering «effects were the sare for the Indium and thalli 
Toe planchet was cleared with carbon tetrachloride. A strip 
of scoton tape, the save ares aan the indium roti; wes placed 
on the planchet; the planchet was thon sprayed with kyricen. 
The kyrion formed a border ercund the planchet leaving the 


desired interior area for t^e thallium standerd after removal 





of tho tac. 

The original thallium sormple had a © sctivcity of 12,532 
diaintecrations per second per milliliter us of April, 1°93. 
An approaimete determination of counter efficiency end sarple 
strength showed that 100 wiereliters of the thalliwe wealé 
produce as ectivity comparable to ‘the activated inéfium Tolle. 
4 109 microliter sarple wea cipeted from the teurce and de- 
posited on the prepared aluminum planehet,. Teo distilled 
water rin¢ings vere also deposited on the planehet te erfure 
thet 211 the radicectivity retoved from the thallium source 
Was actually received by the clanchet. Tio dropa of lerosol, 
a spreading agert, were then added to the aclution. “he 
solution was distributed evenly within the herders of the 
pilenebst vith a class stirring rog, The red was ringed with 
Gietillect water, end the rinsings were added to the solution. 
Tue solution Was placed under a heat Licht; the water was 
evaporated, and e uniform thin layer of thallium rerained on 


the planchet, 


Activity of Standard maple 


The activity of the 100 mfiereliter prepare’ seacple was 
l1h3 disintegrations per second et the time of itas original 
preparation, April, 1953, his standard sa ple can be used 


for futura calibratione by caleulating its current activity 
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due to the © decay «th a half lite of I.) yonrs. The ige- 
integral lion rete of the standaró sm@icle was calculated to be 
26,780 counts per minute as of E December, 105, 
The activity ef the standar: thellivum seipie was bhen 
+ 


measured with Une same counter conficuration and zrometre 


used for determining the activity of the indium fella. The 
aluminum rlanchat wag inserted in the holder, and s series of 
long counts were taken; the averare war 1753 arme “he planche 
et was turned 1%) degrees, and a second series of counte avr- 
aged to 195 com. The averace count rate for the tun possible 
goometric arrencaments was 1769 enne Which was utilisez to 
calibrate the counter. The 2,55 nereent deviation from the 
averses count rate for sach cenfieuretion wes an infest on 
of the mifemity of density of the astivity on the nrenareé 
stendard, The averace activitr wae then corrected fer Joed 
tims and backrround, and the net meamured gctivitz was deter- 


mined to be 177h apm. 


iveluatíon cf Correction "actors 


Tre Various counting correction Tertera were determined 
for the standard. Corresponding factore were then applied te 
che measured saturated activity of the inóium foils to deter- 
mine tie actual saturation activity. These correction factors 


were cetercined in asecerfance vith the exrzerimental procedures 
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set forth by “levler and clit (2). 


The relationship of the factors fellow (2, p. 995): 


mx (As) (S) UU (fg) (fy) (fy) (£5) "e. 39 
% 
whe re 
mis the ret meagvred activity, cpte, 
Aoc is the actual saturation activity, come, 
fa i3 tie efficiency factor, ratio of observed counts, 
to the actuel number cf particles which enter the 
countine volume, 
fc is the dead time correction factor, “ead tine 
corrections were applied before arriving at s net 


sountine rate, no it con be consi dereé ae unity, 


Te is the true reornotry “ector, fraction of total solid 
angle which is subtended by the ective area af the 
counter, 


fy is the absorption facter, ratio of activity arriving 
at counter to tbat emitted, 

fb is the bank sostterim factor, retlo ef activity 
contes on the standard mountine to that on a weirhtless 
mom $n, and 

fg ia tho sclf absorption factor, fraetion of activity 
absorbed by the ratloactive material being counted. 
Since the geometry, f, the b&ekinc ari 5ountíno of the 


Sauple, وید‎ and the efficleney of the counter, fg, were 
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identical for the thallium sample ant tee indium felle, they 
were corhined se cre corvectior factor. "mae, (ru) (Eu م‎ 
(fe) eousied £73 fy waa calonlated for the thallium etancard 
and the seve aurrection was spplied te the indium Tolls. 

The thalliue eample wan very thin ant eseertially wetchte 
lees, ao fg was assumed to be unity. Me factor f, for 
thallium was deterzined from an absorption curve. ‘his wes 
accomplished by reassuring the setivity which passed tosh a 
range of added aluminum absorbers. These activities were 
plotted on a seri log plot vermw added absorber thickness on 
Figure c0. ibe best strairtt line vas Gram through the 
points; this line waa extended to sero added absorber, and 
teen tc zero total sbscrber, The difference between zero 
aided and zero total &bscroenr, 1.62 و‎ R was dus to the 
mica window in the counter, and the air space between the 
angle ent the window, “he ratio cf the activit: with sere 
addeG absorber to tbe gotivity vith avr total absorber, U. 
was deteraines to be 3.97. 


fhen from ia. 39, 


21 
۲: * ET 
+ Ls 14g w 


9۲, so 
& (25759) (1) (9.97) 


= 0.0712. 


To determine fy for the indium foile another absorption 
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curve wan plotted on Timure 22., "ineo the *n2í1um foils de- 


CF rapidly, it was necesna:y to norrelize all activittes 
to tae mt activity with zero absorber. The normalized 
activity was plotted ver@us absorber thickness on Pircure 23, 
Tae value of fy was calculated as it wen for the thallium 
standard, it was deteraineód t^ ^e 2.97. The values of Lu 
for thallium and indium were identical, hut this sas to be 
expected tines the energies of the O perticles are almost 
ecual. 

From the curve om Figure 23, the half thickmesa, (0 Das 
for the © of ind@lum was dete mined to be کم‎ m/e LA "heo 
half thickness was deterained by measuring the thichnese of 
absorver needed to halve the activity. The sbsorntion 


coefficient, “py was enlouleted as follows (7, p. 197): 


JA b . a 8 SE any, ex 55 
2" - SS و ام لا‎ 5 
5 2 Fe D e 


The self absorption factor, feo ves then determined for tre 


indium fcils {2, De 6), 


fa*i at Lage" AN tq. 40 


= 09.6575, 
where t = 63,6 me fame”, the thickness of the injSium foil. 
The actual saturation activity of the indium fells was 


determined from lq. 39, 
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Figure 22. Thallium absorption curve 
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Figure 23. Indium absorption curve 
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The tetal correction fastor, Pes for all the intium Teils 


counted was determined to be 3,05). 
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T ZA e "pw" "pes: > 7 geg er 
APESTA Ve KMODRDATOR CCTTUTARTS 


"enevral 


$ 
The theoretical thermal flur ¿Gistritutlion as davelcred 


in In. 14 of the text derenced on the eveluation of con- 
stants pertsirine te the cemetery ant the material of wriäch 


the ecdorator was ecnatruicted, 


Geomnetm Constents 


Between t5e black boundaries, cañmium sheeting, the 
moderator measured 63.22 in. alon] the x axis, and C1 in. 
along the y axis, The extrapolated distance from the pbysiosl 


t 





undaries to zero flux was detersined to be 0.75 in. hy 
evaluating 9.71 m fer rure eranhite (0), This value acreed 
with the reassured value obtained in "irre hl. “Therefore, the 
distance between sero flux values alone tne x axis, Ga was 
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